Introduction
The textile and dye manufacturing industries play a significant role in the economy growth of Indonesia. Wastewater from these industries contain considerable amount of unused dyes, which are not readily biodegradable in natural environment. The direct discharge of colored wastewater from these kinds of industries into the aquatic streams harm the environment due to its toxicity and ability to impede the transmission of sunlight, retards photosynthesis activity by plant and phytoplankton, and inhibits the growth of biota and harm the stability of food web (Gad and El-Sayed, 2009 ). Additionally, most of synthetic dyes are very harmful to human life due to their acute and chronic effects. It is obvious that dyes are hazardous material hence their removal from industrial effluent is considered as an important step in the environmental protection.
A number of treatment methods are available for dyes removal such as coagulation, oxidation, biodegradation, photolysis, filtration and adsorption (Fernandez et al., 2010) . Among them, adsorption is generally considered as an effective method for reducing the concentration of dissolved dyes in industrial wastewater. Since adsorption process is widely known as promising technique, which produces treated dye effluents with very low concentration, therefore in the past few years, the hundreds of studies have been conducted to develop different kind of cost effective/low cost adsorbents (Bhatnagar and Sillanpaa, 2010) . In this regard, activated carbons have been developed extensively for the removal of different classes of dyes such as acid, direct, basic, reactive, disperse, sulphur and metallic.
Activated carbon is a versatile adsorbent from an industrial view of point due to its high adsorptive properties. It has complex nature and various surface properties with pore sizes ranging from micropores (<20 Å slit width) to macropores (>500 Å slit width). However, the large scale use of activated carbon in industrial wastewater treatment still limited due to its high cost. A method to overcome this limitation is by using agricultural or forestry wastes as precursor for activated carbon preparation, such as bagasse pith (Gad and El-Sayed, 2009 ), cashew nut shell (Kumar et al., 2011) , rice straw (Fierro et al., 2010) , cherry stones (Jaramillo et al., 2010) , oak cups pulp (Timur et al., 2010) , flower (Nethaji et al., 2010) andLow cost activated carbon was prepared from the press-cake residue of Jatropha curcas L. The effectiveness of this activated carbon and its modified forms (chemical and thermal activation) was evaluated for methylene blue (MB) dye removal from aqueous solution. Adsorption experiments were conducted in batch system at various pH and temperatures. The widely used isotherm models, Langmuir and Freundlich, were employed to represent equilibrium data. Kinetic data were analyzed using pseudofirst order and pseudo-second order model. Thermodynamic properties (DG 0 , DH 0 and DS 0 ) of the adsorption of methylene blue onto Jatropha carbons were also obtained. The thermal activated carbon (JAC-3) was more effective for MB dye removal compared to chemical (JAC-2) and parent (JAC-1) activated carbon.
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unpleasant odor. Since the fixed carbon content in Jatropha presscake residue is quite high, hence the utilization of this waste as activated carbon precursor can minimize the environmental problem. To the best of our knowledge, to the present, there is no information about the preparation and modification of activated carbon from J. curcas L. press-cake residue available in the literature. The main objective of this present study is to develop low cost activated carbon from Jatropha waste and to investigate its adsorption performance for basic dye (methylene blue) removal from aqueous solution.
Materials and methods

Activated carbon preparation
J. curcas L. press-cake residue was used as activated carbon precursor in this study. Prior to used, the biomass was washed several times with tap water to remove physical impurities then dried in oven for overnight at 120 8C. Subsequently, the dry biomass was crushed into powder using microhammer mill and sieved to particle size fraction of 38-106 mm.
The preparation of activated carbon was conducted by following procedure: 500 g of pretreated biomass were soaked in KOH solution for 24 h with impregnation ratio of 2:1. The choice of impregnation ratio 2:1 based on our preliminary experiments; at this impregnation ratio the pore structure of activated carbon was more developed than other impregnation ratio. The soaked biomass was then subjected to a two-step heating process at 120 8C for 2 h in an oven and then at 500 8C for 4 h in a horizontal tubular furnace at a constant heating rate of 10 8C/min under N 2 stream at flow rate of 150 cm 3 /min (STP).
After carbonization process, the char that produced was cooled to room temperature under the same gaseous flow then rinsed with 0.5 N HCl and hot distilled water until no significant change in pH detected. The char (JAC-1) was then dried in an oven at 120 8C for 24 h and kept in dessicator for further use. The ultimate and proximate analysis of J. curcas L. press-cake residue and JAC-1 was given in Table 1 .
Chemical and thermal activation of JAC-1
Chemical activation of JAC-1 was conducted by following procedure (Huang et al., 2009) : 50 g of JAC-1 was added into 500 mL round bottle flask containing 200 mL of concentrated nitric acid. The mixture was then heated at 80 8C for 7 h under continuous stirring at 100 rpm. Subsequently, the oxidized carbon was rinsed with deionized water until no significant change in pH detected. Finally, the activated carbon sample was dried in an oven at 120 8C for 24 h and kept in dessicator.
Thermal activation of JAC-1 was carried out in a horizontal tubular furnace (Thermolyne 21100) with the procedure as follows: 20 g of JAC-1 were placed in a stainless steel tubular reactor and heated from room temperature to 750 8C at a constant heating rate of 10 8C/min under N 2 flow. Once the carbonization temperature was reached, the N 2 flow was switched to air (150 cm 3 /min) and maintained for 30 min. The activated carbon sample was then cooled to room temperature under N 2 flow and stored in dessicator. Here, chemical activation carbon and thermal activation carbon are referred as JAC-2 and JAC-3, respectively.
Characterizations of active carbons
The pore structure of JAC was analyzed by nitrogen sorption at 77 K using an automatic Micromeritics ASAP-2010 volumetric sorption analyzer. Prior to the gas adsorption measurements, the carbon samples were degassed at 573 K in a vacuum condition for a period of at least 24 h. Nitrogen sorption isotherms were measured over a relative pressure (P/P 0 ) range from approximately 10 À5 to 0.995.
The surface oxides of JAC were characterized by Boehm titration (Boehm, 2002) . The Boehm titration is described as follow: 0.5 g of carbon sample was added to a series of conical flasks containing 50 cm 3 of 0.05 M: NaOH, Na 2 CO 3 , NaHCO 3 and HCl solutions. The conical flasks were then sealed and shaken for 24 h at room temperature. The solid suspension was decanted and 10 cm 3 of the remaining solution was titrated with 0.05 M HCl or NaOH, depends on the original solution used. The number of acidic groups was calculated under the assumptions that NaOH neutralizes carboxylic, phenolic and lactonic groups; Na 2 CO 3 neutralizes carboxylic and lactonic groups; and NaHCO 3 neutralizes only carboxylic groups. The number of basic sites presented on the carbon surface was determined from the amount of HCl reacted with sample. The pH pzc of JAC was analyzed using pH-drift technique (Faria et al., 2004) . The pH-drift procedure is described as follows: 50 cm 3 of 0.01 N NaCl solution was placed in several conical flasks. The pH was adjusted to value between 2 and 11 by adding 0.1 M HCl or 0.1 M NaOH solutions. After that, 0.15 g of carbon was added to the solution and the final pH was measured after 48 h (using digital pH meter Schott CG-825) under agitation at room temperature.
The surface functional groups of JAC were also characterized using infrared spectroscopy (FTIR SHIMADZU 8400S). This qualitative analysis was performed using KBr pelleting technique and all of the carbon spectra were recorded in mid-IR wave number range (500-4000 cm À1 ).
Adsorption experiments
Methylene blue (Basic Blue 9; C.I. 52015; chemical formula C 16 H 18 N 3 SCl.3H 2 O; MW: 373.90 g mol À1 ) was used as adsorbate in this study. It was purchased from Sigma-Aldrich as analytical reagent grade and directly used without any further treatment. The maximum wavelength of this dye is 664.1 nm. The dye stock solution was prepared by dissolving a fixed amount of methylene blue into 1 L of deionized water. To prevent the decolorization by direct sunlight, the dye stock solution was stored in dark bottle and kept in dark place before used.
Adsorption equilibrium and kinetic studies were carried out in batch system. Adsorption equilibrium data were obtained by adding various mass of carbon (0.1-1.1 g) into a series of 250 mL conical flasks, containing 100 mL of dye solution with initial concentration of 1000 mg/L. The conical flasks were then covered with aluminum foil, placed in thermostat shaker (MEMMERT) and shaken with constant speed at desired operating temperature until equilibrium state was achieved. Product analysis showed that the equilibrium state was achieved within 6-10 h. After equilibrium time reached, the dye solution was centrifuged at 4000 rpm for 5 min (MLW T.51.1) to remove solid particles. The supernatant was then carefully taken and measured its residual dye concentration by UV/vis spectrophotometer (SHIMADZU UV/VIS-1700 PharmaSpec). The pH of dye solution was also measured at the start and at the end of each experiment using digital pH-meter (Schott CG-825) to check for any drift. The results indicated that no significant change in pH was detected in all experiments. Isotherm experiments were conducted at various pH (3, 7 and 11) and temperatures (30 8C, 45 8C and 60 8C). To adjust the pH, an appropriate amount of 0.1 M NaOH or 0.1 M HCl solutions were added to the system. Adsorption kinetic experiments were performed in glass vessel of 11 cm in inner diameter, 15 cm in height and fitted with four glass baffles (1 cm in width). The dye solution was prepared by mixing a known amount of MB dye with deionized water to yield various initial concentrations of 200, 500 and 800 mg/L. Prior to the addition of carbon (0.6 g), the glass vessel containing 500 mL of dye solution was placed in the thermostat water-bath at 30 8C. The mixture was then agitated at 500 rpm for 7 h. During the experiments, at predetermined interval of time, the dye solution was taken from the vessel (1 mL using micropipette), diluted with deionized water, centrifuged and analyzed its residual dye concentration spectrophotometrically. All of adsorption experiments in this study were conducted in triplicate and the experimental results were given as averages.
The following equation was used to calculate the amount of MB dye adsorbed at equilibrium and at a certain time t:
where q e and q t is the amount of dye adsorbed at equilibrium and at a certain time t (mg/g), C 0 and C e are the initial and equilibrium dye concentration in liquid phase (mg/L), respectively, m is the amount of adsorbent used (g) and V is the volume of dye solution (L).
Results and discussion
Textural characterizations of active carbons
The physical characteristics of the adsorbent are related to the pore structure of adsorbent such as micropore surface area (S micro ), mesopore surface area (S meso ), micropore volume (V micro ), and specific surface area (S BET ). The pore structure of JAC was analyzed by nitrogen sorption technique. The specific BET surface area (S BET ), micropore volume (V micro ) and micropore surface area (S micro ) was determined by application of the Brunauer-Emmett-Teller (BET) and Dubinin-Asthakov (DA) analysis software available within the instrument, respectively. The specific BET surface area of JAC was determined by means of the standard BET equation applied in the relative pressure range from 0.06 to 0.3 while for the micropore volume (V micro ) and micropore surface area (S micro ) were determined by application of the t-plot method on the adsorption isotherm. The values of physical characteristic of JAC carbons are given in Table 2 . The pore size distribution of JAC was determined from adsorption isotherm data using the Density Functional Theory (DFT) software with medium regularization. Nitrogen sorption results (Fig. 1) show the largely microporous nature of the carbons, with some mesopores leading to gradual increase in the adsorption after the initial filling of the micropores, followed by rapid increase near saturation. This statement was also supported by DFT results (Fig. 2) , which showed that all JAC exhibited several peaks at pore width ranging from 5 to 30 Å .
Chemical treatment on activated carbon using various oxidizing agents such as HNO 3 , H 2 O 2 , Fe(NO 3 ) 3 , (NH 4 ) 2 S 2 O 8 , etc. can increase the amount of acidic surface groups, mainly carboxylic acid and also anhydrides, lactone and phenol groups in less extent. Among them, chemical treatment by HNO 3 is generally considered as the most effective method to increase the acidic groups on carbon surface (Faria et al., 2004) . The acidic groups, specifically carboxylic acids are known to be the binding sites for basic dyes such as methylene blue hence the presence of this group can improve the adsorption capacity of activated carbon. It was also known that chemical (wet) oxidation can reduce the surface area of carbon (JAC-2) due to the presence of numerous oxygenated groups that partially blocked the access of N 2 molecules to the small pores. Moreover, oxidation of carbon by HNO 3 also caused nitration attack by nitronium ions (NO 2 + ) on the polyaromatic sheets. The nitronium ion is a strong electrophile (Lewis acid), which can substitute hydrogen atom in aromatic ring based on electrophilic aromatic substitution mechanism (Draper and Ridd, 1978) . In thermal treatment, most of the oxygenated groups on carbon surface (carboxylic acid, lactone and phenol) were decomposed to CO 2 and CO at high temperature carbonization, resulting in the extension of carbon surface area and the generation of large amounts of reactive sites on the carbon basal planes which have electron rich oxygen free-radical character (Leon et al., 1992) . These reactive sites reacted with oxygen contained in the air thus producing new surface oxides, which can be assigned to carbonyl, pyrone or chromene type structures. These surface groups have basic surface properties, corresponding to the basic nature of JAC-3. By comparing nitrogen sorption and pore size distribution results of all JAC that have similar characteristic, it is obvious that both chemical and thermal treatment gave insignificant effect on the textural properties hence the adsorption capacity of JAC for MB dye removal will also depend on their surface chemistry properties.
Surface chemistry characterization of active carbons
The surface functional groups of JAC were analyzed by FTIR spectroscopy. The analysis results showed that several major peaks on JAC-1 was appeared at the following wave numbers: 805 cm À1 attributed to O-H stretch in out-of-plane bending; 1176 cm À1 related to the C5 5O stretch in lactone; 1589 cm À1 associated to C5 5C stretch in aromatic skeletal; 1729 cm À1 attributed to C5 5O stretch in carboxylic acid; 2945 cm À1 ascribed to the presence of symmetric C-H stretch in methylene (-CH 2 ) groups; 3021 cm À1 revealed to C-H stretch in aromatic ring and the last peak at 3440 cm À1 contributed to the presence of O-H stretch in phenolic groups.
The intensity of some peaks in JAC-2 spectra that are characteristic of C5 5O functional groups at wave number of 1730 cm À1 (carboxylic acid), 1177 cm À1 (lactone) and 3400 cm À1 (phenol) increased during chemical oxidation by HNO 3 . New peak was also observed at wave number of 1600 cm À1 , which assigned to the nitro groups as the result of nitration attack by NO 2 + ions on the aromatic ring groups in carbon skeletal.
The FTIR spectra of JAC-3 reflected similar characteristic with JAC-1, denoting that JAC-3 carbon had essentially the same species of surface groups except for the new peak assignment that appeared at wave number of 1582 cm À1 . This peak may assign to carbonyl or quinone groups, which have basic surface nature (Lewis basicity). Furthermore, the decrease in intensity of several peaks that attributed to carboxylic acid, phenol and lactone was also noticed due to the decomposition of these oxygenated groups during carbonization process at 750 8C. The surface oxides of JAC carbons obtained by Boehm titration are summarized in Table 3 .
Chemisorption mechanisms of MB dye onto JAC
In order to investigate the dominant mechanism that may occur in the adsorption of methylene blue, some information relating to adsorbent nature and pH must be imparted. It is known that pH is one of key parameter in the adsorption study as it affects the chemistry of the solution, the ionic species of adsorbate as well as the surface charge density of adsorbent. In this study, the chemisorption mechanisms of MB dye onto JAC were proposed using molecular modeling by ChemDraw software package (Fig. 3) .
At pH 3 (pH < pH pzc ), the surface all of JAC were influenced mainly by positive charge due to the excessive protonation on the carbon basal planes through electrostatic interaction with the pelectrons of the graphene layers (Montes-Moran et al., 2004) . As the carbon surface exhibited positive charge, the MB dye existed in triple protonated form (Khalid, 2001) . Under this condition, the dye uptake was limited by repulsion forces which occurred between MB dye cations and positively charged of carbon surface. Electrostatic interaction also existed between MB dye cations and carboxylate anions (COO À ) on the JAC surface, however, this interaction much weaker compared to the repulsion forces resulting low dye uptake in this pH value.
The carboxylic groups on JAC surface were in the order of JAC-2 > JAC-1 > JAC-3, in which the MB dye uptake must follows this order. It is also known that carboxylic groups can dissociate in water when the pH of the system lies between 2 and 6, resulting in the formation of carboxylate anions. The carboxylate anions are known to be the active binding sites for basic dyes such as methylene blue hence the presence of this group enhanced the dye uptake. However, the inconsistency in the experimental results was observed (JAC-3 > JAC-2 > JAC-1), an indication that another interaction may also took place during dye adsorption process.
The high dye uptake by JAC-3 (basic nature carbon) due to the existence of two parallel mechanisms: electrostatic and dispersive interactions. The latter interaction was occurred between the delocalized p-electrons on the carbon basal planes and the free electrons of dye molecules present in the aromatic rings or multiple bonds (-N5 5C-C5 5C-). This interaction played a dominant role in the adsorption process of methylene blue on JAC-3. The pore characteristic of JAC-3 also contributes a significant role in the dye removal due to the enlargement in the micropores and mesopores structures as a result of the decomposition of surface oxygenated groups during heat treatment.
Low dye uptake by JAC-2 (acid nature carbon) suggests that other interaction such as water bonding and electrostatic repulsion may also play an important role in the adsorption process. It was reported that water molecules can bind into acidic surface oxides, especially carboxylic groups through H-bonding (Coughlin and Ezra, 1968) hence the presence of this group could reduce the amount of dye uptake due to the blockade on the micropores region by water. Chemical oxidation on carbon using HNO 3 also gave a negative effect on the dye uptake due to the insertion of nitrogen functionalities (NO 2 ) which provides more positive surface sites. The presence of abundant positive surface sites increased the repulsion forces therefore less molecules dye adsorbed in the surface of carbon. Higher dye by JAC-2 compared to JAC-1 (parent carbon) may correspond to the stronger effect of electrostatic interaction of carboxylate anions and MB molecules. As mentioned before, the JAC-2 possesses more carboxylics groups than JAC-1, therefore more carboxylate anions are available on the JAC-2 surface. In addition, low dye uptake at pH 3 was also caused by the competition between protons (H + ) and MB dye cations in bulk solution onto the active binding sites on carbon surface. In neutral pH, the JAC-2 surface is predominated by negative charge (pH > pH pzc ) while for JAC-1 and JAC-3, the overall charge on their surface is positive (pH pzc > pH). As given in Fig. 4 , the dye uptake at pH 7 are in the order of JAC-3 > JAC-2 > JAC-1, indicates the mechanisms involved in the adsorption of dye in pH 7 are similar with pH 3. The dye uptake at pH 7 was higher than pH 3. At pH 7, the presence of protons (H + ) in the solution was much less than at pH 3, therefore less competition between protons (H + ) and MB dye cations in bulk solution onto the active binding sites on carbon surface occurred. In basic solution (pH 11), the surface of all JAC were predominated by negative surface sites due to pH > pH pzc and the dissociation of phenol groups on carbon surface occurred, leading to the formation of phenolate anions, while MB dye existed in single protonated form. In this case, the MB dye uptake onto JAC caused by the electrostatic interaction between negatively charged on the carbon surface and dye cations. Another interaction, the pp dispersion, may also take place during adsorption of dye. This interaction was generated between the p-electrons on carbon basal planes and the p-electrons on aromatic rings of dye molecules. Furthermore, the excessive presence of hydroxyl groups (OH À ) in bulk solution also gives a positive effect on the p-p dispersion interaction, which increased the p-electron density on carbon basal planes, hence enhanced the adsorption of MB dye. Highest dye uptake at pH 11 compared with other systems (pH 3 and pH 7) due to the existence of two parallel mechanisms, the p-p dispersion and electrostatic interaction.
Adsorption isotherms
Equilibrium relationship between adsorbate and adsorbent can be determined by adsorption isotherm study, which describes how the adsorbate molecules distribute between the liquid phase and the solid phase when the adsorption reaches equilibrium. Various adsorption isotherm models for the gas phase adsorption such as Langmuir, Freundlich, Toth, Sips, etc., can in principle be extended to liquid phase adsorption. Among these isotherms, the Langmuir and the Freundlich isotherm are the most widely used models to represent the liquid phase adsorption experimental data (Ai et al., 2010; Demirbas et al., 2009; Liu et al., 2011) . The Langmuir isotherm is expressed as follows:
where q max and K L are the Langmuir parameters corresponded to the maximum adsorption capacity for specific adsorbent (mg/g) and the equilibrium constant (L/mg), respectively. The essential characteristic of the Langmuir isotherm can be expressed by dimensionless constant called equilibrium parameter, R L , which defined by following equation:
The value of R L indicates the various nature of isotherm to be
Another empirical isotherm model that widely used to represent equilibrium data is Freundlich model, which has the form: each model were obtained by non-linear regression method (Table  4) . Based on the value of R L (0 < R L < 1), all systems show favorable adsorption process. The value of parameters K L and q max in Langmuir model increased as the temperature increased. Similar trend was also observed in Freundlich model. The increase of these parameters with the increase of temperature indicated that the adsorption process of MB in JAC carbons was an endothermic process. Table 5 shows the comparison of the maximum adsorption capacity of various low cost and commercial active carbons for MB dye removal. The adsorption capacity of JAC-3 is higher than other adsorbents, indicates that JAC-3 is suitable as the adsorbent for dye removal from wastewater.
Adsorption kinetics
In the design of the adsorption system, the data obtained from the adsorption kinetic study are very important since it contain the information about the adsorption mechanism, the potential rate controlling steps, etc. This information is required to select the optimum condition for full scale batch metal removal processes. Several adsorption kinetic models have been developed to understand the adsorption kinetics and rate limiting step. The pseudo-first and second order kinetic models are well known models to correlate the adsorption dynamic or kinetic data for various systems. The pseudo-first order, which also known as Lagergren kinetic model (Lagergren, 1898) has the form:
Integrating Eq. (6) with the boundary conditions t = 0 ! t = t and q t = 0 ! q t = q t gives:
While the pseudo-second order model (Ho and McKay, 1999 ) can be expressed as:
Integrating Eq. (8) with the boundary condition: t = 0 ! t = t and q t = 0 ! q t = q t gives
where k 1 and k 2 are the pseudo-first order (min À1 ) and pseudosecond order (g mg À1 min À1 ) rate constants, respectively. The adsorption kinetics data of MB in JAC carbons and the fitted models are depicted in Fig. 5 , and the fitted kinetic parameters of pseudo-first order and pseudo-second order are summarized in Tables 6 and 7 , respectively. In this figure, the kinetic plots are characterized by fast dye uptake and the sharp rise in solid phase concentration. By comparing the fitting result by pseudo first order and pseudo second order, the latter seems to give better representation. Additionally, the fitted parameter q e in pseudosecond order agree quite well with the experimental data. The applicability of the pseudo-second order model to correlate the adsorption kinetic data of MB on JAC carbons suggested that the rate-controlling step in MB dye uptake onto JAC is chemisorption involving valence forces through the exchange or sharing of electrons between the adsorbate molecules and the surface functional groups of adsorbent.
Thermodynamic aspects
In order to gain complete understanding about the MB adsorption onto JAC surface, the thermodynamic properties such as the change in standard Gibb's free energy (DG 0 ), enthalpy (DH 0 ) and entropy (DS 0 ) also have been investigated. The standard Gibb's free energy change was calculated by following equation: where R is the universal gas constant (8.314 J/mol K), T is temperature (K) and K D is the thermodynamic distribution coefficient (K D = q e /C e ). The enthalpy and entropy change were correlated to the K D by Van't Hoff equation which expressed as follow:
The value of DH 0 and DS 0 was obtained from the slope and the intercept from the linear plot of ln K D versus 1/T (Fig. 6) , respectively. The calculated thermodynamic parameters were summarized in Table 8 . From this table it can be seen that all systems showed the favorability of the process and spontaneous nature of dye adsorption onto JAC carbons.
By increasing the temperature, more negative value of DG 0 was observed; this phenomenon indicates that higher temperatures are more preferred for higher sorption results. The binding affinity of adsorbate molecules toward adsorbent surface increased with the increased of temperature. The positive value of DH 0 reveals that the adsorption process is endothermic in nature and could be classified into chemisorption since all of DH 0 values fall into the range of 20.9-418.4 kJ/mol (Tan et al., 2011) .
On the other hand, the positive value of DS 0 denotes the increased in randomness at solid-solution interface during Table 7 Kinetic parameters of pseudo-second order for MB dye adsorption onto JAC. adsorption of dyes while the negative value of DS 0 describes the opposite phenomena.
Reusability of the adsorbent
The reusability of the adsorbent is important in industrial practice. To assess the stability of the repeated used of JAC for MB dye removal, the adsorption-desorption cycles was also conducted. In this study, dilute hydrochloric acid was used as elution solution and the procedure was repeated seven times under following operating condition (initial dye concentration = 1000 mg/L; contact time = 4 h; T = 30 8C; mass of adsorbent = 1 g). The effect of recycling time on the adsorption capacity of JAC is given in Fig. 7 . In this figure, it can be seen that all of JAC can be repeatedly used at least five times without significantly losing its adsorption capacity toward MB dye.
Conclusions
J. curcas L. press-cake residue can be utilized as new precursor for low cost activated carbon preparation. In order to improve the adsorption capacity for dyes removal, the surface properties of carbon could be tailored appropriately by chemical and thermal treatment. Based on the experimental results, it was found that thermal activated carbon (JAC-3) showed higher adsorption capacity for MB dye removal than the parent carbon (JAC-1) and oxidized carbon (JAC-2). The Langmuir model represented the experimental data better than Freundlich equation. The pseudosecond order model gave better representation in correlating kinetic data than pseudo-first order model. The adsorption of MB dye onto JAC was controlled by chemisorption mechanism. The thermodynamic behavior of the adsorption MB onto JAC carbons was endothermic (DH 0 > 0), irreversible (DS 0 > 0) and spontaneous (DG 0 < 0). Desorption studies indicated that all of JAC could be regenerated and reused at least five times without significantly losing its adsorption capacity. (I) (III) (II) Fig. 7 . Effect of recycling time on MB dye adsorption by JAC at pH 3 (I), pH 7 (II) and pH 11 (III). 
